The most important etiologic agent in the pathogenesis of cervical cancers (CCs) is human papillomavirus (HPV), while the mechanisms underlying are still not well known. Glucose-6-phosphate dehydrogenase (G6PD) is reported to elevate in various tumor cells. However, no available references elucidated the correlation between the levels of G6PD and HPV-infected CC until now. In the present study, we explored the possible role of G6PD in the pathology of CC induced by HPV infection. Totally 48 patients with HPV þ CC and another 63 healthy women enrolled in the clinical were employed in the present study. Overall, prevalence of cervical infection with high-risk-HPV (HR-HPV) type examined was HPV-16, followed by HPV-18. The expressions of G6PD in CC samples were also detected by immunohistochemistry (IHC), qRT-PCR, and Western blot. Regression analysis showed elevated G6PD level was positively correlated with the CC development in 30-40 aged patients with HR-HPV-16/18 infection. The HPV16 þ Siha, HPV18 þ Hela, and HPV-C33A cell lines were employed and transfected with G6PD deficient vectors developed in vitro. MTT and flow cytometry were also employed to determine the survival and apoptosis of CC cells after G6PD expressional inhibition. Our data revealed that G6PD down-regulation induced poor proliferation and more apoptosis of HPV18 þ Hela cells, when compared with that of HPV16 þ Siha and HPV-C33A cells. These findings suggest that G6PD expressions in the HR-HPV þ human CC tissues and cell lines play an important role in tumor growth and proliferation.
Introduction
Cervical cancer (CC) is the second most common cancer in women worldwide. Approximately 80% of primary CCs arise from pre-existing squamous dysplasia. The most important etiologic agent in the pathogenesis of CC is human papillomavirus (HPV), while the biological mechanisms have not been clearly elucidated.
It is well known that persistent high-risk HPV (HR-HPV), which has the ability to infect keratinocytes of the human skin and mucosa, 1 is a necessary and causal factor of CC. 2 HPV can be transmitted through physical contact via autoinoculation or fomites, sexual contact, as well as vertically from the HPV-positive mother to her newborn and can cause subclinical or clinical infections. 1, 3 Since 1981 when a relationship was established between papillomavirus and cervical neoplasia, more than 100 different genotypes of HPV have been identified. 4 Approximately 40 HPV genotypes were found to be associated with anogenital infections and are generally classified according to their oncogenic potential into low, high, and intermediate risk types. At present, HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 , and 59 were considered as HR types or oncogenic types due to their presence in high grade squamous intraepithelial lesions or CC, while HPV6, 11, 40, 42, 43, 44, 54, 61, 70, 72 , and 81 are considered as low-risk (LR) types. 5 Reports reveal that HPVs are double stranded DNA viruses with an 8-kb episomal genome. The organization of the genome is divided into three functional regions: an upstream regulatory region that regulates the transcriptional and replication events; an early region that expresses the non-structural proteins; and a late region that encodes the structural proteins L1 and L2. 6 However, the underlying pathogenesis mechanism is not well elucidated.
The pentose phosphate/hexose monophosphate shunt pathway is an alternative metabolic pathway for glucose breakdown. Upon transportation of glucose into the cell via glucose transporters, the enzyme hexokinase converts glucose to glucose-6-phosphate. Glucose-6-phosphate can then be metabolized further via glycolysis or the pentosephosphate pathway (PPP). 7 Because of the large biosynthetic demands of a rapidly growing cancer and their need to adapt to stressful environments, the PPP has been suggested to promote cancer progression and therapy resistance. 8 Accordingly, many of the enzymes that make up the PPP are associated with malignancy, 9 including glucose-6-phosphate dehydrogenase (G6PD). G6PD, the ratelimiting enzyme of the PPP, provides ribose and NADPH that support biosynthesis and antioxidant defense. It is well known that G6PD plays an essential role in the oxidative stress response by producing NADPH. Recent available data show that G6PD elevates in various tumors, including melanoma cancer, 10 leukemia, 11 colon cancers, 12 breast cancers, 13 endometrial carcinomas, 14 etc. Considering that G6PD plays a critical role in survival, proliferation, and metastasis of cancer cells, 10 development of potent and selective G6PD inhibitors would provide novel opportunities for cancer therapy. 15, 16 However, the regulation mechanism of G6PD and pathological changes in HPVinfected CC growth remains unknown.
In this study, we explored the possible pathologic role of G6PD in HPV-induced CC. Firstly, 48 CC patients infected with HPV, enrolled in the clinic of the Third People's Hospital of Yunnan Province, were served as targets. Another 63 healthy female attending physical examination were employed as normal control. The prevalence and distribution of HPV genotypes were investigated. We employed immunohistochemistry (IHC), real-time PCR, and Western blot to detect the expression of G6PD in tumor and normal adjacent tissues from the CC cases. Hematoxylin-eosin (H&E) is also used to determine the morphological changes of CC and normal adjacent tissues. The HPV16 þ Siha, HPV18 þ Hela, and HPV-C33A cell lines were used and transfected with G6PD deficient vectors developed in vitro. The expression of G6PD was then detected by real-time PCR and Western blot. 3 -(4, 5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay and flow cytometry were also employed to determine the survival and apoptosis of multiple CC cell lines after G6PD decrease.
Materials and methods

Ethical aspects
This study was complied with the Ethical Declaration and was approved by the Human Ethics Committee and the Research Ethics Committee of Kunming University of China. Through the surgery consent form, patients were informed that the resected specimens were kept by our hospital (Third People's Hospital of Yunnan Province) and might be used for scientific research, and that their privacy would be maintained.
Population and clinical samples collection
One hundred and twenty-four women attending the clinic in the Third People's Hospital of Yunnan Province, between February and December 2013, were invited to participate in the study. Total of 112 (90.3%) out of the 124 patients were included in this study. Patients excluded were: three (pregnancy); five (recurrent infections), two (HIV-infected), and two (other immunosuppression conditions). The excluded patients presented similar characteristics than patients included in the study.
These patients were chosen to be in the present study because they were infected with HPV as determined by our hospital. Among them, 48 histopathologically verified cervical tumor samples and matched normal adjacent tissues were obtained. These normal adjacent samples were taken at least 1 cm distal to tumor margins. The biopsies obtained were divided into two fragments immediately after surgery. One fragment was immediately stored at À 80 C until nucleic acids and protein isolation. The remaining fragment was fixed in 4% formaldehyde for H&E or IHC staining.
Another 63 women registered in our hospital for health examination were also employed and served as the healthy control. They were processed for cervical cell sample collection and the subsequent HPV detection.
HPV detection and genotyping
The cervical cell sample collection for HPV detection is described as follows. Briefly, after the preparation of a Papanicolaou (Pap) smear, the brush containing cellular material was placed in a vial containing PreservCyt media (Hologic, Bedford, MA). Cell specimens in the PreservCyt media were subjected to HPV DNA genotyping by using the HPV GenoArray test kit, PCR þ film chip blot (Hybribio Limited, Chaozhou, China). HPV DNA analysis was performed according to the manufactory's protocol. HPV positivity was assessed by hybridization of PCR products in an enzyme immunoassay (EIA) using two HPV oligoprobe cocktails. In addition, HPV positivity was assessed by Southern blot analysis of PCR products with a cocktail probe consisting of specific DNA fragments under low stringency conditions, allowing the detection of HPV types not included in the EIA probe cocktails. After pooling of these PCR products, typing was performed using EIA and HPV type-specific oligoprobes for the HR and LR types described above. HPV types considered HR for this analysis were 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, and CP8304. All other types were considered LR.
IHC and H&E staining
IHC was performed to determine the G6PD expression in normal adjacent tissue and CC tissues, as described before. 10 Briefly, tumor samples and the matched control tissues were fixed in 4% formaldehyde, embedded in paraffin wax, and then cut into 4 mm sections using a microtome. The sections were stained with H&E.
Fixed tumor samples were prepared into 30 mm frozen sections and incubated with 2% goat serum at 37 C for 20 min, followed by incubation with goat-anti-human G6PD (1:500, Santa Cruz, sc-46971) at 4 C overnight. After washing with phosphate-buffered saline (PBS), the sections were incubated with horseradish peroxidase (HRP)-conjugated rabbit anti-goat IgG (HRP-IgG) at 37 C for 30 min and colored with 3,3 0 -diaminobenzidine (DAB) at room temperature. PBS was substituted for the anti-G6PD antibody in negative control subjects.
Preparation of cell lines
Three human cervical carcinoma cell lines, HPV-C33A, HPV18 þ Hela, and HPV16 þ Siha (purchased from the Institute of Biochemistry and Cell Biology Shanghai, China), were used in this study. Cells were maintained in Dulbecco's modified Eagle medium (DMEM, Gibco, Life Technologies, Carlsbad, CA) supplemented with 10% fetal calf serum (Invitrogen, USA) at 37 C and 5% CO 2 in a humidified incubator. All cells were cultured at 70-80% of confluence.
Cell culture and gene transfection
The recombination eukaryotic plasmid (pcDNA6.2-GW/ EmGFP-miR) for G6PD gene silence was employed as described before. 17 At least three silence expression sites of G6PD were designed by software supplied by Invitrogen Company. Then, we selected predesigned small interference RNA (siRNA) targeting the human G6PD gene (Gene ID, HGC:4057) and the reconstruction plasmid for G6PD knock down were designed and purchased also from Invitrogen Company (Beijing, China). The constructed recombinant plasmid was transferred into 293 T cells. Transfection efficiency was evaluated by qRT-PCR from three experiments. The target transformants with the best silencing effects were chosen and then transfected into the three kinds of CC cells. For G6PD-siRNA plasmid transfection, each cell line was prepared and incubated with the silence plasmid pcDNA6.2-GW/EmGFP-miR-G6PD (named as C33A-G6PD-silence, Hela-G6PD-silence and Siha-G6PD-silence, respectively) and non-silencing control plasmid (C33A-Empty, Hela-Empty and Siha-Empty) at 37 C, 5% CO 2 for 24 h, respectively. The transfected cells were subsequently subjected to further procedures.
Quantitative reverse-transcription PCR for G6PD
Tumor samples (60 mg) were ground under liquid nitrogen, lyzed with 1 mL of Trizol (Takara, Japan), and total RNA was extracted using Trizol (Invitrogen, USA). Total RNA (2 mg) was added to the tumor extract with Moloney Murine Leukemia Virus Reverse Transcriptase (MMLV-RT, Takara, Japan) to synthesize cDNA, and the reverse transcripts were used as the template for qRT-PCR by Tower qRT-PCR system (Analytic Jena, Germany). The qRT-PCR was conducted using 2 Â Mix SYBR Green I (Biosea, USA) (10 mL), primer (0.25 mL, 10 pmol/L), template DNA (1 mL), and sterile water (8.5 mL). The PCR conditions consisted of an initial melting temperature of 95 C (3 min) followed by 39 cycles of melting (95 C, 10 s), annealing (55 C, 10 s), and extension (72 C, 30 s). A final dissociation step (95 C, 10 s; 65 C, 5 s; 95 C, 15 s) terminates the process. The real-time PCR primers used to quantify GAPDH expression were: F: 5 0 -CGAGATCCCTCCAAAATCAA-3 0 and R: 5 0 -TTCAC ACCCATGACGAACAT-3 0 and for G6PD were: F: 5 0 -A TG AGCCAGATAGGCTGGAA3-3 0 and R: 5 0 -TAACGCAGGC GATGTTGTC-3 0 . All of the primers for each gene were synthesized by Invitrogen (USA). Expression of G6PD was normalized to endogenous GAPDH expression.
Western blot
Samples were lyzed on ice for 30 min in CytoBuster Protein Extraction Buffer (Novagen, USA) and centrifuged at 12,000 rpm at 4 C. The supernatant was collected and total protein concentration was measured by bicinchoninic acid (BCA) method. Fifty micrograms of protein were used for 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The protein was then transferred to a nitrocellulose (NC) membrane and was sealed with Trisbuffered saline Tween-20 (TBST) containing 5% non-fat milk powder. The membrane was subsequently incubated with goat anti-human G6PD proteins (1:300, Santa Cruz, sc-46971) and mouse anti-human GAPDH (1:500, Santa Cruz, sc-81545) at 4 C overnight. After washing in TBST, the membrane was incubated with HRP-conjugated secondary antibodies (1:2000) at 25 C, and the protein quantity was determined using electrochemiluminescence (ECL) technique (BestBio, USA). The results were photographed using the JS Gel Imaging System (Peiqing, China) and the gray density was calculated using SensiAnsys software (Peiqing).
MTT assay
Cell viability was determined using the tetrazolium salt MTT assay. Briefly, cells were plated into 96-well culture plates at an optimal density of 5 Â 10 3 cells/mL in 200 mL of culture medium per well. After 24-96 h of culture, 20 mL of 5 mg/mL MTT was added to each well and incubated at 37 C for 4 h. The medium was then gently aspirated and 150 mL of dimethyl sulfoxide (DMSO) was added to each well to solubilize the formazan crystals. The optical density of each sample was immediately measured using a microplate reader (BioRad, Hercules, CA) at 490 nm.
Flow cytometry assay
An annexin V-FITC-flow cytometry assay kit (4 A Biotech Co. Ltd.) was used to detect the apoptosis rate in the cells after G6PD-siRNA plasmid transfection, as previously described. 18 Cells were seeded into 60 mm dishes for 48 h and grown to 70-75% confluence. After quick detachment from the plate, cells were collected, washed with ice-cold PBS, and resuspended at a cell density of 1 Â 10 6 /mL in a binding buffer from the annexin V-FITC apoptosis detection kit (4 A Biotech Co. Ltd.). Cells were then stained with 5 mL of annexin V-FITC and 10 mL of propidium iodide (PI, 20 mg/mL). Cells were then incubated in the dark at 25 C for 15 min before analyzed by FACScan flow cytometer (BD Immunocytometry Systems, San Jose, CA) and Cellquest software (BD Immunocytometry Systems) for apoptosis rate determination.
Statistical analysis SPSS v11.5 (SPSS Inc., Chicago, IL) was used for statistical analysis. Data are presented as means AE standard deviation. Group t test was used to compare the expression of G6PD either between CC and normal groups or siRNA group and empty groups. Descriptive statistics and regression analyses were performed. Chi-square and Fisher's exact tests were used (when applicable) to evaluate the differences in proportions. 19 Multivariate logistic regression analysis was performed to evaluate the association between HR-HPV infection status (HPV 16/18 positive or negative), G6PD expression (IHC staining, negative/weak or positive), along with clinicopathologic characteristics of CC including age, clinical stage (FIGO stage, I-IV), cell grading (well, moderate or poor differentiation), as well as tumor diameter ( 4 or >4 cm). The strength of association was measured using odds ratios (ORs) with 95% confidence interval (CI); logistic regression was used for ordinal data to estimate adjusted ORs. The cofactors included in regression analysis were age, along with various clinicopathologic parameters, including clinical stage (FIGO stage, I-IV), cell grading (well, moderate or poor differentiation), as well as tumor diameter ( 4 or >4 cm). All hypothesis tests were set at 0.05 significance level. The statistical significance of MTT cell activity and apoptosis factions among G6PD-siRNA and empty groups was determined using one-way analysis of variance (ANOVA). The significance level was predetermined to be P < 0.05 unless otherwise indicated.
Results
G6PD expression in HPV þ CC and normal tissues
The patients ranged in age from 31 to 78 years, with a median age of 49 years. Among the 112 cases of DNA-HPV identified by PCR, 95 (75%) were infected with HR genotypes. HPV-16 was identified in 31 (27.8%) from all HPV cases, followed by HPV-18 in 29 (25.9%), HPV-35, 52 and 58 in 6 (5.4%), HPV-11 and 62 in 4 (3.6%), HPV-6, 26, 33, 53, 82 and 89 in 3 (2.7%), HPV-51, 66, 67, 73 and 84 in 2 (1.8%), and finally HPV-11, 42, 45, 56, 59, 61, 69, 70, 72 and 92 in 1 (0.1%). The multiple-type HPV infections were 12.8%.
All 63 healthy women participated in the study provided a cervical sample for HPV analysis. They were aged 29-74 years, with a median age of 51 years. Findings for the prevalence of the various HPV types in these women were obtained. The overall prevalence of HPV infection was 16.0% (11.7-20.3%). The corresponding estimate for HR types was 60.4% (43.2-65.6%), and that for LR types was 10.9% (8.3-17.0%). HPV-16 was the most common type (18.9%). Among HR types, HPV-18, 31, 11 and 62 were each found in !5% of women overall. Among LR types, HPV-69 was the most common (2.5% overall), while 66, 81 and 70 were each found in 4 (0.8%) of women.
In 48 patients, which were pathologically diagnosed as CC, 93.7% (45/48) of them were found to be HPV DNA positive, and the HR-HPV16/18 rate was 85.4% (41/48). The first peak of HR-HPV infection appeared in the 30 -to 40-year-old group (52.1%), and the second peak was within the 40 -to 50-year-old group (29.1%). The multiple-type HPV infections were 16.4%, and HPV16 was the most prevalent type (32.8%), followed by HPV-18 (28.7%), HPV-29 (10.2%), HPV-35 (8.6%), HPV-52 (6.3%), HPV-58 (5.2%), and HPV-11 (5.2%). HPV-16 prevalence significantly increased with the severity to 42.8% in CC patients than that of healthy women (18.9%) without the evidence of cervical disease ( 2 ¼ 24.98, P < 0.05). Age-specific prevalence of HR-HPV-16/18 estimates were the highest among 30 -to 40-year-old women and decreased with age (30-40 vs. 40-50, 2 ¼ 17.37, P < 0.05; 30-40 vs. 50-60, 2 ¼ 23.94, P < 0.05; 30-40 vs. >60, 2 ¼ 29.61, P < 0.05) ( Table 1 ). HPV-16 prevalence was lowest among healthy women without evidence of cervical disease and significantly increased in CC patients ( 2 ¼ 19.53, P < 0.05). Those patients determined with higher levels of G6PD in CC samples increased the risk of HR-HPV-18 and HPV-16 infection rate (P < 0.05, Table 2 ).
G6PD staining in normal adjacent tissue was weak relative to CC tissues that exhibited light yellow to brown staining ( Figure 1 ). G6PD expression was significantly extensive and intensive in CC tissue (expressed in 93.75%, 45/48) than in normal adjacent tissue (expressed in 10.4%, 5/48) (P < 0.05).
Either qRT-PCR or Western blot analysis showed that the expression levels of G6PD in CC lesions were significantly intensive than that of normal tissues (P < 0.05, Figure 2 ). The mRNA levels of G6PD in CC were higher than that of normal tissues (1.02 AE 0.33 vs. 1.89 AE 0.21, P ¼ 0.000012, <0.05, Figure 2d ). A similar observation was obtained in the detection of G6PD protein expression, which showed significant elevation of G6PD protein levels in CC tissues than that of normal tissues (1.32 AE 0.23 vs. 0.53 AE 0.11, P < 0.05, Figure 2a-c) . The association between HR-HPV status (HPV 16/18) and various clinicopathologic characteristics results determined by ORs revealed a positive trend for HR-HPV DNA detection and age (30-40, P ¼ 0.001), FIGO stage III-IV (III, P ¼ 0.001; IV, P ¼ 0.000), cell grading (moderate, P ¼ 0.001; poor, P ¼ 0.000), as well as tumor diameter (>4, P ¼ 0.000). Regression analysis association between G6PD expression and clinicopathologic parameters result revealed a positive trend for IHC of G6PD-positive and age (30-40, P ¼ 0.000; 40-50, P ¼ 0.02), FIGO stage III-IV (III, P ¼ 0.001; IV, P ¼ 0.000), cell differentiation (moderate, P ¼ 0.002; poor, P ¼ 0.001), and tumor diameter ( 4, P ¼ 0.001; >4, P ¼ 0.000, Table 1 ). G6PD levels also increased the risk of infection with HR-HPV-16/18 (P < 0.05, Table 2 ). However, HR-HPV infection (HPV-16/18 negative or positive), G6PD expression did not significantly affect the risk of developing invasive CC in women aged above 40 years (Table 1) .
Stable transfection of G6PD cDNA in CC cells
The HPV-C33A, HPV18 þ Hela, and HPV16þ Siha cells were stably transfected with G6PD siRNA-expressing plasmid (G6PD-silence). Control C33A, Hela, and Siha cells were transfected with empty vectors. G6PD mRNA levels detected by qRT-PCR were significantly reduced in G6PDsilence cells compared with the matched control cells (P < 0.05, Figure 3 ).
Western blot analysis showed that the levels of G6PD protein were also significantly down-regulated in G6PDsilence cells compared with the matched control cells (P < 0.05, Figure 4 ).
Effects of G6PD on CC cells
The effect of G6PD expression on the regulation of CC cells viability was assessed. MTT assay showed that the relative proliferative capacity of G6PD-silence Hela and Siha cells grew significantly reduced at 48, 72, and 96 h compared to their control cell groups, respectively (P < 0.05, Figure 3 ). However, after G6PD-siRNA plasmid transduction, C33A cells showed no significant changes in proliferative capacity during the experimental duration (96 h), compared with that of the empty groups (P > 0.05, Figure 5 ).
Meanwhile, there was a significant increase in the apoptosis rate in G6PD-siRNA transfected cells compared to empty infected cells ( Figure 6 ). Compared with the Siha-G6PD-silence and C33A-G6PD-silence groups, there were more apoptosis CC cells in Hela-G6PD-silence group (P < 0.05, Figure 6 ).
Discussion
The present study demonstrated that G6PD elevated in HPV-infected CC tissues and cell lines. Increased expression of G6PD was positively correlated with the cervical cancerous development in women aged 30-40 years with HR-HPV-16/18 infection. Interference of G6PD expressions by G6PD-siRNA introduction induced significant declines in proliferative capacity and increase in apoptosis of HPV16 þ Siha and HPV18þ Hela cells compared with that of HPV-C33A cells. These data suggested that G6PD might be involved in the pathological changes in HR-HPV associated CC growth and development.
CC is one of the most dangerous causes of health deficiency and death worldwide. Epidemiological studies have revealed that HPV infection is an important factor contributing to CC. To some extent, the detection of HR-HPV may reduce the risk of developing CC and associated deaths. 20 Present clinical data revealed that HR-HPV-16 and HPV-18, most prevalence genotype, significantly increased risk of developing cervical neoplasia in patients histopathologically verified as CC. This fact indicated that HPV is the principal etiological agent in cervical neoplasia. 21 Age-specific prevalence estimates were the highest among 30 -to 40year-old women and decreased with age. Based on this fact, we assume that the age 30 and above are crucial for the development of serious cancerous lesions in Kunming region, thus this age group is the most suitable for HPV triage of laboratory medicine. It is reported that the presence of HPV has been implicated in 99.7% of the squamous cell cervical carcinoma worldwide, 22 which supported our present findings. However, the regulation mechanism of G6PD and pathological change in human CC growth associated with HPV infection remain unknown. The present data revealed that G6PD expression significantly increased in both of CC patients and cell lines with HPV infections. It was noticed that the expression of G6PD in these cancer lesions was significantly higher than that in the adjacent normal tissue. Moreover, we also revealed that individuals, aged from 30 to 40 years, with high level of G6PD had an increased risk of developing cervical neoplasia. These findings were consistent with previous reports noting the elevated expression or activity of G6PD in tumors, 16, [23] [24] [25] which suggested that intensive glucose metabolism regulated by G6PD was triggered in HPVinfected CC. We also demonstrated an effect of the combination of HR-HPV-16/18 infection and G6PD expression on the risk of development of CC in women aged 30-40. In another word, the CC patients with the HR-HPV16þ/18þ and/or elevated G6PD had poor clinicopathologic characteristics.
Recent reports supported that altered glucose metabolism is one of the hallmarks of cancer, and cancer cells consume large quantities of glucose and primarily use glycolysis for ATP production, even in the presence of adequate oxygen. 26, 27 While it was long suspected that this elevated glucose uptake was needed to generate ATP, it is becoming apparent that cancer cells may require sugars for Figure 5 Effects of G6PD on cervical cancer cell proliferation. MTT assay of time-course for empty and G6PD-silence Hela, Siha, and C33A cells. After G6PD downregulation, the cells showed a significant decrease in proliferation compared with their control ones, respectively. Values plotted are means AE SD (n ¼ 3). *Versus empty cell lines, P < 0.05 Figure 4 The protein levels of G6PD in various cell lines after G6PD-siRNA transfection. The protein levels of G6PD detected by Western blotting were significantly reduced after transfected with G6PD-siRNA (P < 0.05). Values plotted are means AE SD (n ¼ 3) Figure 6 G6PD silence induced apoptosis in cervical cancer cells. C33A, Hela, and Siha cells were transfected with G6PD-silence or empty vector (control). (a-f) The influences of silencing G6PD on the apoptosis of C33A, Hela, and Siha cells were detected by flow cytometry. (g) Quantification shows that the percentage of apoptotic cells in G6PD-silence transfected groups is significantly higher compared with the percentage in the empty control groups. Values plotted are means AE SD (n ¼ 3). *Versus empty cell lines, P < 0.05
